The experimental animals for the Golgi method consisted of rats of both sexes at different ages. Under ether anesthesia the animals were perfused with about 50cc of 4:1 (vol) mixture of 4% potassium dichromate and 40% neutralized formalin (SZEN-TAGOTHAI, 1963) , followed by excision of the brain, and thin slices of the brain were prepared according to the Golgi-rapid method and Golgi-Kopsch method.
For electron microscopy the adult male rats were subjected to perfusion fixation. Under ether anesthesia the animals were perf used with 20cc warmed balanced salt solution, followed by about 200cc of chilled 40% glutaraldehyde (0.1M cacodylate buffer, pH 7.2) (SABATINI, BENSCH and BARRNETT, 1963) . For supplemental study 4% buffered formaldehyde (ROBERTSON, BODENHEIMER and STAGE, 1963) was used. After perfusion fixation the brain was quickly removed and cut into about 0.2 to 0.3mm thick frontal sections. The thin slices were briefly washed in 0.1M cacodylate buffer containing 0.2M sucrose. Small tissue pieces containing the locus coeruleus were cut out from the *This paper is dedicated to Prof. Toshio ITO on the occasion of his retirement. 229 slices, postfixed in 1% osmium tetroxide for 1hr, dehydrated through graded alcohol and embedded in Epon 812. For light microscopic observation semi-thin sections were cut and stained with toluidine blue. The ultra-thin sections were staind with uranyl acetate and lead hydroxide (REYNOLDS, 1963) , and observed under a TRS-7 (Akashi) electron microscope.
In some cases the materials were stained in 1% phosphotungstic acid during dehydration.
Results

Light Microscopic Observation
The locus coeruleus in the rat is mainly composed of medium-sized nerve cells, which are generally oval to fusiform but frequently irregular in shape. In the Golgi sections the medium-sized cells are of multipolar type with a few long dendrites which radiate in different directions from the soma (Fig. 1) Termination of these fibers is not established as yet in Golgi sections.
The afferent fibers to this nucleus form characteristic plexuses around the constituent nerve cells (Fig. 3, 4) . These plexuses consist of at least two kinds of nerve fibers, thick and thin fibers. Thick axons take an undulating course among the nerve cells and give off short terminal branches with single terminal boutons or grape-like endings.
Sometimes they form thickened en passage boutons. The exact termination of the thin axon fibers is seldom demonstrated.
The axon of the small oval cells is not clearly
shown, but is supposed to end in their neighborhood after moderate branching.
Electron
Microscopic Observation
Perikaryon
We confine the electron microscopic observation to the caudal part of the locus coeruleus which is composed of closely packed medium-sized nerve cells (Fig. 5, 6 . 7).
The nerve cells, mainly spindle-shaped, are located close to each other, leaving a small amount of neuropil among them. Occasionally two nerve cell somata are apposed directly without any morphological specialization except for subsurface cisterns (Fig. 7) .
The cytoplasm demonstrates two morphological features: well developed roughsurfaced endoplasmic reticulum (ER) and prominent Golgi complexes along with many lysosomal dense bodies (Fig. 8, 9 ). Marked aggregates of rough-surfaced ER with free ribosomes constitute large masses equivalent to Nissl bodies, located mainly in the peripheral part of the cytoplasm. The Golgi complex is well developed and located mainly in a zone around the nucleus. It is a complex organelle consisting of cisternae, vacuoles and vesicles or tubules, some of which contain dense material. Granulated vesicles Occasionally there are observed characteristic bodies in the cytoplasm (Fig. 10) . The of intermediate density, and are devoid of limiting membrane. Similar bodies were already described by us (SHIMIZU and ISHII, 1965) as nucleolus-like bodies in the hypothalamic nerve cells in the rat.
A round or oval nucleus is located in the center of the cytoplasm and shows marked indentation and a prominent nucleolus (Fig. 5 ).
Neuropil
Neuronal somata of the medium-sized cells are usually covered by several protoplasmic layers of astrocytes, except for axo-somatic synapses and soma spines contacting with axon terminals.
An interesting finding is that the medium-sized cells present protoplasmic protrusions from the perikaryal surface ( Fig. 10-13 ) in good accordance and shape: rod-or finger-like process, head-or bottle-like process with neck, complicated branches, etc. They reveal cytoplasmic structures similar to neighboring cytoplasm, such as vesicles, canaliculi and small particles, but are devoid of the spine apparatus of GRAY (1959) . Most of these soma spines form synaptic junctions at their apical or Fig. 7 . Two nerve cell bodies of the locus coeruleus directly contact each other without special membrane structures except for subsurface cisterns (arrows). The nerve cell in the left side demon-lateral surface with apposed axonal bags. Neuronal components in the intercellular spaces consist of proximal and distal dendrites of varying diameters, myelinated and non-myelinated axons of various thicknesses, preterminal and terminal axons, and various kinds of synaptic junctions. Most of the dendrites of various dimensions are considered as belonging to the constituent neurons of the locus coeruleus according to the Golgi observations. Different from the small dendrites, which contain mitochondria and longitudinally oriented microtubules, the large dendrites reveal moreover complicated protoplasmic structures, such as rough surfaced ER and vacuoles. Dendritic spines are observed on both large and small dendrites. Protrusion in c is peculiar in its bottle-like shape and internal structure containing mitochondrionlike body, and it makes synaptic contact with two terminal boutons. Protrusion in d is simplest in shape and structure and makes contacts with a terminal bag having flattened synaptic vesicles.
Preterminal axons and terminal boutons are observed in large number in the neuropil, forming various kinds of synaptic junctions as stated below. 1. The neuronal perikarya exhibit a moderate number of axo-somatic and axosoma spine synapses.
Terminal bags ordinarily contain spheroid synaptic vesicles, occasionally mixed with large granulated vesicles and flattened vesicles. Soma spines make contact with a single or two terminal bags on their lateral or apical surfaces. In a few soma spines it is impossible to demonstrate their apposed terminal bags (Fig. 12) .
2. Axo-dendritic synapses are common in the neuropil, revealing numerous axodendritic trunk synapses and a moderate number of axo-dendritic spine synapses. In the electron micrographs most synaptic contacts are formed with a single axonal bouton and one dendrite.
Occasionally one can observe one terminal bouton contacting two dendrites (or dendric spines), or two terminal boutons with one dendrite. Moreover there are large terminal swellings contacting several dendrites (spines), constituting a "complex synapse" (Fig. 14, 15 ). These might correspond to the thickened en passage boutons observed in the Golgi pictures (Fig. 4) 
Neuroglia and blood vessels
As noted previously astrocytes send thin protoplasmic sheaths and processes to envelope the nerve cells and fill the spaces among the neuronal elements of the neuropil (Fig. 6, 12 ). Astrocytic protoplasm demonstrates bundles of filaments, small amounts of ER, occasional lipofuscin granules and dense bodies, besides characteristic large oval mitochondria, which show homogeneous internal structure of moderate density. Oligodendrocytes exhibit small amounts of dense perikaryal cytoplasm rich in cytoplasmic organelles, and they occasionally contact directly with nerve cell bodies.
The locus coeruleus is provided with a rich supply of blood capillary nets. The walls of the blood capillaries are similar in structure to those in other regions of the brain.
Pericytes are frequently located between the basement membranes beneath the endothelial cells. Figure  16 is an interesting finding that shows a number of microvilli protruding from the free surface of the endothelial cytoplasm. The presence of soma spines has been reported in Deiters' nucleus and some other nuclei (MUGNAINI, WALBERG and HAUGLIE-HANSSEN, 1967; WALBERG, 1966 Remaining part is occupied by coeruleus to the limbic forebrain structures, the neocortex and the hypothalamus running through the medial forebrain bundle. KURD and YAMAMOTO (1964) showed that the pontine detrusor nucleus (corresponding to the locus coeruleus) sends descending and ascendig fibers through the lateral reticulospinal tract and Forel's tegmentel fascicle respectively.
As to the afferent fibers to the locus coeruleus, the relations with the mesencephalic nucleus and trigeminal nerve were reported to be important, but remain to be elucidated (cf. RUSSELL, 1955) . TORVIK (1956) did not notice any degenerating fibers in the locus coeruleus after extensive lesions of the trigeminal nerve.
Our Golgi sections demonstrated complicated neuropil around the nerve cells of the locus coeruleus similar to the description of CAJAL (1909). The afferent fibers are supposed to originate from, 1) initial axon collaterals of the medium-sized nerve cells, 2) axonal arborization of small oval cells, and 3) fibers from the dorso-lateral part of the reticular formation.
The fiber connections and synaptology of the locus coeruleus will be elucidated by further accumulation of the fine Golgi materials and extensive experimental study using degeneration techniques.
Several electron microscope observations have already been made in an attempt to find ultrastructural attributes characteristic of the monoamine neurons. MAEDA, MORI and HASHIMOTO (1962) were the first who have undertaken the electron microscope observation of the locus coeruleus of the rat and stated that the cytoplasm is rich in aggregates of rough surfaced ER and lysosomal dense granules and the nucleus is surrounded by a highly developed Golgi apparatus. This result is nearly the same as the present study and recent reports by LENN (1965 ) and FUXE et al. (1965 , 1966 . The latter authors made electron microscope studies correlated with the fluorescence method. LENN (1965) 
